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(54) REDUCED SURFACE DRAIN(RSD) LDMOS POWER DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a reduced surface drain lateral 
double-diffusion MOS (RSD LDMOS) power device which is lessened in size 
and power consumption and excellent in surface conductance. 
SOLUTION: An LDMOS transistor which is possessed of a reduced surface 
drain(RSD) region 1 5 and identical to a conventional planar LDMOS 
excluding an RSD region is obtained. An RSD region is used so as to 
arrange a drain region 17 apart from a gate 14. After a polysilicon process 
where the gate 14 is formed, the drain region 17 is arranged apart from the 
gate 14. A process where the transistor is formed is compatible with a 
process through which a conventional planar LDMOS device is formed. 
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OS (RSD LDMOS) ^fflf/^^^Mt 

[Kft^K] «M*3*U:MiKU-f > (RSD) M 
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[mxm i ] mi mu&n^mitm t . 
mtm i ii0 1 Ri^itf t-* s si 2 iiiff^ ^ i 

*J£*>J&3f«rtfc, 

ME* 3 jjfifta * i:M 3 ftfcfflE* 2 v - * 

IffiEft 2 mi&<?>*-cmt v - * ftjjjw* f> KFft £ *tt Tfls 
2m*.M<r> KM>ftl*fc, 

HUE v - X fti£ t ffi E K U^f > flit o H cofti ESS 2 ft 

E K M >*SD?P«WaiK -t 19 (±/h$ 

-**«fcffiER S D ft* ttf5Wt;ffifE» 3 + 
> * )V ZMfo-f hX.n c mild v - * H&^mfE RSDi 

ffiEv-xfWo^fc < t Hfo#o_ti3 J: tfffiE* * 

irE* 3 fitt<7) * -ctj E v - * ft«u i^ig LTffc/s^ti 

- xlMto'tfTEx ? * h ftttfc I OWE* * > 

iffiA'-^y-Filtt, **Tt4* fiff/Jn 
L/:iSKU^> (RSD) LDMOS H>yX5' 0 

AiTE* 1 *1B t RWO*t»t*4 m 2 UnMtG t 
*XtmE i l i *fMlo^i;'>x/i,fcL-c^jfiS<t^ ft 

ifrEIS2$fi£<7)4 3 li r 7-*-;i^ LTJgj£$ftfclfflE*l* 

«J&*5» 3 *3*<rftriEi-«SBf 4: , 

ffiE$3 ft«U04?fc < t ^W±i:r- h £fMt 

tiTEft 2 m&<D * KlfflE» 2 RSD «i* «rf^dE 

t£&F£T*aboT, huER SDMco^lMffi^'BuIdy 

- h<D*lffl|ffifcg£U fcitfifflER SDIMM'tfrE 
Y- Yfrhmuzfcit^x^h, UJER S D^i££ft)£ 
■taflTEMri:, 

ifflEft 3 fEtttf>*Kj|irE*l 2 #!ff£<7) v - 
ti&PgT'&oT, «rEv-^fi*tiJJERSD«[«t 
^Mt:ilJE»3 mm** ZMfc-tZ «t ^ HhuE 

v-x«**«mrEy- ho^M^T-e^tirER s 
Dmm*hmmz$>ifx$m*tifz, mtv-mm* 
ft*t*iffiE&ttfc. 

IfflER S DflMtllJ: OffifEr- 1 fiiJffij&^WHSS: 

*itTK«&nfciftE*2*TO<*> KM >ffii**ifflE 



ER S Dftttaj&HtfttftitftJ: 0 <>*£t\ RSD 
L DMO S h ? > vX^C0$i^£ o 

[0 0 0 1 ] 

"tie *&^(iLDMOSUater 
al double-diffused metal oxide semiconductor, 

[0 0 0 2] 

■ li, ^53-SSt ^> t >lfitn:li* f /]^ 3 

>f y*(DX i &1t£#IMO S (metal oxide semiconduct 

or. &m - mm • ^ux^ii^^t^ 

?til(7)^^^S < "ti d t Ho 

[0 0 0 3 ] DMOSf/WXIi, T2fii£t{c^J MO 

SU^±AU<ti J: f9(±trU^ 2oo»ii:J:oTft 
^c^^i^o DMOSfv<Ul±/J^5:f 

[0 0 0 4 ] DMOSfA^XIi, MMtJIiitaiS^fll 

iiLDMOS fcnfidrtli) ^tt^DMOSii, 4^*^ 

DMOSU3?*$*l*4fttii, 7-U-^^^>ll±BV 
t Jo J: ^*#14t Z^ZtX&Zo 
[0 0 0 5] 

^|/J^ £ ft fcMi K K > (RSD, reduced surf acedra 
in)^?rft5LDM0Sh7>v^^f*4 o 
^/v'^lt ^lif^^, WxtXP^ W^ll^ 

*-t<7)*TO-C*-6»2«^ WiLifN^ ^^2fSl^ 

**^o»3***«, »2fii*o+uft*sn*o 

[0 0 0 6] »2*«^<7)V-^1ii*#, «3|Jt^ 
Uft*Sn4o ■ fS2*«JKO KM V-Xi 
^^^F^RS : S:*ttTft2 ft«lO*Uft*$fL-6 0 ^2^1 
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I 0 M**4*tttti&ta««*W1-* s ifc, MId^3 
«**'R S DfKtti: v-7««i:WWi:ft> 

J: -7 t:, R S D^*A f v-xfii4^^HF»«:*,tt 

«*^Sf<k<)-tt^±i:, R S DffiirtO^fc < t 
t-SP55'<7)±t i:£^ti'4o v-x?l*£7?o<7 ?r 

[0 0 0 7] *%^<DR SD LDMOSh7>y^^ 

■COUfSffijaaKU^ >i£5R (RSRF, resurface dr 
ain extended) LDMOSrV^XO^^LDM 

[0 0 0 8] -rXhcO&m, :WF7>vX^(iR sp = 
0.39mQ • cm2 g J: tfB V =24. itffr h * f BTIIg"C*& 
^fc^i^ ^7*UtLDMOS 
fV^Xc7)R sp = 0.59mn • cm 2 Jo «£ tfB V = 18-20 
sJOU hi:Jt-<rWflJT-ii)^o R sp ^?fliJ7£l±> 3MV/c 
mcoy- h • X h 1/X t, V gs = 12.75**Jl/ h&XVT 
ox = 425t>^XFD-ATi7^n/: 0 

[0 0 0 9] if2%WLDMOS<ry£MWX'jbZ>m^N 
fl^xfl, (LV Nff27x;i/) LDMOSf/^XCJt 
^T, RSD LDMOSfA'^xii, K--f7 7f2<7>7 

0 fctrt^illfcHfl^JWU (solid well) 
£ h If , fcf 7 f- £ $ ib t:/J> £ < 1"£ - £ ^ s PTtg-C*» 

& 0 ^*o*tt*ansiinsji£ kiw h ■ 

& > ^ 7 ? > X ;H { t^ 0 
[0 0 10] fi£*Of^<>f X*jtt-?-OI|iHWi--6H 
&0/ji6t:, ^fitll", MORSD LDMOSf 

[0011] 

K U Y > (RSD, reduced surface drain) L DM 
OS Yy>V*9 1 0<7>*»fffiiEffiB|-C*-6o h7>v 
x? 1 0ii»/h$*i^:|EiBKK> (RSD) Mfc 1 5 
££"f *<7>ito<n*lt7l'i-l&L DMOSfVWx 
t|s|i;-C*£ 0 EI 1 t:(4^£ fit^fc ^itiit%, 
h 1 4WTO*v*BE{fcft«ti, i^Utr^LDMOSf 
A>f XtO^r^coJ: -7 U, v-x?Ii£i 6 KW 

[0 0 1 2] El 2 -0 7 UlUJilLTTET-traSft* «t 
tC, RSD?If£l 5i±r- h 1 4 t lTffli^*i£** 



0 l±1£«EUWLTftjifl:$n/j2*l£lft(:J: 

ft, f LtS*SN^i^ 1 2 > R SDfMl 5 1 C 

[0 0 13] KW 7(iy- h 1 4*» 

£0 ftfeO7 p V^^LDM0S7'/<^X(:Jt-<r, RSD 
Ml 5«t>JSj5iii (R sp ) * f J*M3*i*o RS 

[0 0 14] W^R SDMI 5 fcfltxTUfc^L 
DMO SrV<>rx<9t¥i£i4, -r*+tx • 4 > )V * > 

fl±LDMOSTV^7i:^M(MediuiD Voltage 
LDM0S Device and Method ofFabr icat ion) J ^ftH^ 

^y'jr^Hli ^ (ft3Agg#-sfTl 

-18836 ) CB^SftTi^o - OftS! (4 

[00 15] H2-B7I1, #»h7>>7>^ 1 0 
SHf«r^t^*IBfffijEB5ia-e**o -OSii^rafli, 7 

>n-*U-f -r v KttUJ: >)P^?n^WB i CMO 
S &#<D «t ^ fc ISO tjr nTggT ^> 0 

[0 0 16] mmm, mmm, 7* huyxn^ 

it*, ^ic>'^nib<7)i77 c >7*jo < J:^i(7)j:^ ^ N 
7+ h Uvx 

7 SftfcfWfc «t l>'vx 7 ^ ft^aW 

[0 0 17] $ma)LDUOS<09k%L<r))k&<r>±*) H, 
ZtiZ'tKD ^7>y^ 1 OliKlENB^x;K7)f*3i 

v^7 >f KKft^l^ffl^ibft^t^ 
[0 0 1 8] 02(4, h7>v^M0m/^^ 

KSwiDJWwaKiiisv^r, p + 1 ao±i:p 

- ^xt>^->t/bi 1 1 b *ft$L*tlZ>Z- ii^TFtT 
P + ff^tSl 1 a 14, &afti:(4, *7l^i:^ 

+ B>U ^>T'^^o P" ff^t:" ^ 7 vr^ll 1 b 
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[0019] w^-cift^^nr^sigaitt-ca, M-stco 

&Art f fT*>*i*o zn&Xlzxt)* Ni->iJH2^ 
$£;ft,£c NI^;H 2 HfiEtfcWsbfL, *L 

li, ^mJ±> &«J$ (N- Jg) <7)flgu»4£tk^Ji^-C* 
£ Q NJ&^iJW l 2 t:<t 0, Zti^tKn h ? > v'x * l 

[ 0 0 2 1 ] gJ3(±, D^^.;H 3«OftJ8££*L*:g|-e 
a'7 K*ffcM3 l3& f fls*S*U ftT^x^ 
ie®o±T7* h k>'X M3 2#/^->(:ftj&$ 
^-Ltx^f > W^tl4 0 wCO^*->£ffl^ 

tit, (P- JB) OD-)x;l, l 33& f f^J*$*l4 e 

^fb^^3 1 fcitf?* h U>x M3 2#l$* 

3*1*0 Hfetfl&i (p- m *«?±xsft4o *<™e 

[0 0 2 2] 03^D-)iJH3li, HSilfflfcMJ D 
7X/w-C&& 0 ffi^jfeflTIi, D7.xwn 3fi T K- 

[0 0 2 3] HI 4 l±, Y~Y mt^m 4 1 *5 I XfY- h 

haft*****?*!, f Lt'f j v'j 3>i^a* 

Six, f Lt/^-x:M$n/:7 * h Uv'x h (H 

^sntv»&v^) *m^x^ 'j*i'ym = i*>tiz> 0 *ft 

or- h 1 4 t4*-3eoffi***Basn-6o ^ 

f£7* h u>*7 h*«Rfe*$fL, f try- h i 4?m 

[ 0 0 2 4 ] g]5<i, RSD«tt(Afls«*^L£E|-C* 

iititi, *ixz<DmtfLtfnihztiz 0 z<nn&*ntz 



w> e R SDf^l 5<^*S!Wi^$l± 0.37On^- 
h;i/-C** 0 RSDMl 5UML-Cii, ft*M * >Hi 

fc, y-h 1 4ii»»-r4*/hLfc*iB7'f-;bKk, 
FM> fRi* 1 7 4> Ui*^ L fc^ffitSttH t *> f f# h ft 

[0 0 2 5] #'Jy'j3 >Ii^^ty- h 1 4 «rft 
ffcLtz&MR SDiiSl SOiUW^HiOt, RS 
DM1 5!±r- h 1 4 i;WLTg£^ttv»-5 0 £ 
fc, R S D*« 1 5 tffl^t D ^x^flJt l 3 *ft»t 

zzttfxbZo z<nzti±m.^x*>z>o ttia, 
^frim<o&\i,2nLxm^htL2>-? * ? i±y- m^j* 

lilt: ffl t * <b *i & -7 x * fc ^g-gr t:£> -6 °T tete W 

[0 0 2 6] 0 6(4, r-M 4W«il 4at V- 
XM1 >HML1 7(CJti"*N+ Jf^±A 

FH>|iti 7<Dtztf){z, y* hi^vx h!6 iTivi 
^->uf^i3c$n^ Ltxyf >w*?ns 0 tmz 

^ c rn<bcO^UNB^jML«J<Of±A^tTt>fL, fit 
tetk^fffcftio -e^K RSD^itl 5^fWJB#Ci£M 
i-4 0 v-xfli^i 6l3J:tf KV-f 7t:^t^. 
ffiAli, RSDlJ^El 5 0yiA<t 0(>Av^S (N 

+ m xfttotiZo 

[0027] m&izm? \zmztix\,*z x n -7 th 

l^y7H7 1^^A7->[:ML/:{i P+ B 
4 D :n^WP+ 8(4, N+ ff^V-X^l 

z*mB&ft^m&-?&ijQ2tit2 (p + f^) ««-c* 
^> 0 -ent(4^^orp+ mmi 8<7)^$(±, n + ^ 

V-X«*l «>'N+ ff^KW/itl 7 J: 0 <>i^ 

[0 o 2 8] ffeonjfepij-rti, v-xfg^i 6^i:r 

L^L^Owtti, v-xfRJ«16*l 
J:Cl f /<v ^y- hfli^l 8CO^"CCOy±AUi-5)Ell CO* 

[ 0 0 2 9 ] m7 <7)$Mxm*tlX\<*Z> I iC, EI l CO 
RSD LDMOSh7>vX^l0(±, E12-EI7CO 
Igt:J:»}ft«:**i&ll]tto-»^T**o IWi^ 




[0 0 3 0 ] 0 8(4, R S p*«tfttt*>ftS*>Mttt: LT 

rit<b^)ffi(i36*ia lli/T^ttti^o [El 8 K^Sft-O* 
^i^i:, L d 3& f «ft1 _ '6fcRspWtt[* f SSft-*-&o V K 
= 10**;l- h<7)i#£\ R sp ^mn ■ cm2 (DmtLX'T^^tl 

[0 0 3 ll H9I4, n-> /7>1EBV^L + L 
d <OM&t U^U:y77-e*4 0 L d 

[ 0 0 3 2 ] Ell Oii, Rsp^i^BV^L + Ld 

IH8i3«ty f Bl9 trau <£ o i;, v g = io**;u K'*; Jo 

[0 0 3 3 ] 0 8-Bll 0U^$#ITt^-6J:^H, j§ 
RSD LDMOSh7>y'X^10(iL^^< 

Ld rt ? /j>£v^7^w^T*£)£ 0 -e-ftii, ^^rxia 

*rl-*-e*5To 
[&l ] R sp = 0.39 mO • c m2 
V gs = l2.75 sK^ h 
BV =24.4 sKJUh 

::-c, y- y • x h uxi±3Mv/cmt*^ Kit 
[o o 3 4 ] [23 1 i ti, R sp *a»ft$n^y- h^ffi 

v gs- v t «M»tU^U;777T*4 0 lit, 
T ox li 425t>^*X hn-AT'&O, V g = 10**^ b ~C 

[oo35] w$mm 
tfttzmtx'&z z\ t zm^xb < o 

[0 0 3 6 ] &±<Dl&W^MlT^i,Z&T<DmZm7Fl- 
(I) *l 1ltrE*l**Jgi:R 

* u * i ;u t l xfm z n tz mm 1 * 
3 Mitt, mffi3ffi®o*izrtf&2titzmz%2m% 

feZ^tZ, 1flE*2**JB«>KW>««tfc* WE 7 

- xii tins k 1^ >r > mat ^moate* 2 fs«o»*« 

*Wia»2**JgORSD«*T*oT, WEv-Xfl| 
*tflJKR S D®«i:(7)|fli:flfrld*3 ^J** f f-+ >*;u 
SrBdcl - * X n HlffiEv-*«irtj&nRER S D***<9 
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±£<£ OffiER S D«M)^fc< fc-S&fl-^UEB 
»«LTfM$ft*:ifflE*l 7f- 

tfffiE* + >*^*$Mii-a, tttE/<y^y- mm 

4:, fc*f"t-S, *&*L*:iciB > (RSD) L DM 
OS h 7 > vX 

[ 0 0 3 7 ] (2) ilJ|Id«<7)h7/vX^no 
T, «fE*l*TO#Pi&-e*»K WE*2#mN*N 

( 3 ) mi EEft*) F7/yXK'*ot, Hi i^tjp 
^tt*****1-4* 1 SB^Bt mflfi* 1 mPtmsWL 
Si 0 <>/J^^aiSW*2ifiJin^tt*«K«r*1--6*2 

(4) *lXIEit<3 h 7 >y*X^t*ot, mfE*2 

(5) *lJai£fEcOhv>->*X*T-&oT\ triiem2 

(6) miJlfdit<7) h7>y7>^t*^t, m!Bm2 

(7) *lSffi|Ra>h7>^^^*oT, OT£*3 
f|i*^fiv^ftl^«i»aiJK«rW1--6«at"C**, Mid h 

(8) il«^F7>y^^t^ot, mjldr- 

[0 0 3 8] (9) *l*ttJ$0iftttM^fr£1-« 
ftBfc, frf£*l#SJKi:RitWa»«^-Cab4*2a»* 

•7 x ;w U $ <i fcWE* 1 llf^^ 3 ^tt * ft 

h^*i-4a»fc, ma*2«[«o^i:Hirfa*2 

HPRSDIi^Mt»r^ot, mrldRS 
DaH4o*ifflffi*«iKrEy- h»*lfliifii:tt^L, ^ 

xzrmuRSDmmmtiY- h^hnm^zit^^x^ 

4, WERSD««4:ftifi1-*l|jrESBt, BUIdm3lI 
«^ I t'UirE*2al|«^OV-xai*«:ftift1-iaBT 
^ot, ifEv-^^i4tlllrERSD0«fc^>WHSIrE 
*3^^-v >^^«:Jgft1-4 J: o i;flffEv-^«l* 
7li J BtfE7-*- h<7)*215iJ®c7)T-e^o^jER S Dffi&frh 
rmZ&HX&fgiZtitz, «&Ev-X«««rft«1-*llff 
IdlxP^i:, mlldR S Dpli£t:<£ OffiEr- 1 tlffi 

^^MH«r*tt"CEB$*ifclKrE*2«^0 > 
««*H}E*2«I*o^icft*1-*|g:Bt, **fU i5 
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<£ tnWIE V - * Otitis <t O'stJld KM/ 0«O*gtjp^tt 

i\ RSD LDMOS h7>v^^O^M c 
[0 0 3 9] (10) *9JSi£«<?) h7>v'^^-C* 

(in £ 1 orjis^co h ^ > > ^ * t^ot, atria 
r s D&mmnir- homunmmizm&LxHmiz 

<t^:, R S D?Ii£H^t£ftE&l£#;* <bi: 

Htr£ft£, fltrlB h 7 > vX * c 
(12) ffi'l^tltz^m KU-f > (RSD) Ml 5 
tt 4 Olifeli^O y U t L D M O S h7>*>^ 

^^i-e*I.LDMOS1^7>vXH { f|f)ti*= K 

w>snai 7^r- h i 4*&Mi«*aitTEtt+& 

*fcauJ8mbft*#'J ->«; n>lM (BI5) C> 
\^*i&Ifiii> TOy^tLDMOSf/HXC^ 

[Hi] RSD LDMOS h7>vX^ 

0);0f»figiEffiHo 
[EI 2 ] gllORSD LDMOSf7>vXHS!^ 

[S3] [H2<7);7;^^<7)^^ f 7^^^^l^®iE® 



He 

He 

[0 6] 0 5^Ogpar(Oi|ti»f|t^XMW«BfifijEiB 

Ulc 

[0 7] H6O^OHB<0^*fl:^i/^J|li»flEjEffi 
[0 8] L d * s £ftL/.:*£\ R sp ^g|10S^&L + 
[[§19] L d **SftLfc*£\ BV*BHO|S*n»L + 
[BIO] Ld f £ffcL*:%£\ R S p^«t^B V*H1 60 

[Hill lM^/:r-ME^^tLTR S p^ 

^L/:/77 Q 

[tiF**>SlW 

1 0 LDMOS h^>vX* 
1 1 

12 « 2 m 

13 ft 3 ftl* 

14 y- h 

1 5 RSDIi 
1 6 v-xMit 
17 FW>i 
1 8 ^-yn'- 
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